I. INTRODUCTION
The hot CNO cycles and the rp process are the dominant reaction sequences for nucleosynthesis and energy production in hot stellar hydrogen burning [1 -3] . While many of the nuclear reactions in the CNO cycles have been experimentally deterinined [4] , most of the proton capture rates on unstable nuclei in the hot CNO cycles are still uncertain [5, 6] . Most of the capture rates, even on stable nuclei along the rp process path have not been determined experimentally. Therefore the present nucleosynthesis calculations are based on very limited, experimental information.
Proton capture reactions on isotopes (A &20) near the line of stability typically have high Q values, Q &5 MeV. Their reaction rates can be approximated by statistical model calculations because of the high level densities in the compound nuclei at these excitation energies [7, 8] .
In the case of low level densities in the compound nucleus the statistical model approach becomes invalid. Especially for neutron deficient nuclei near the proton drip line Previous estimates of the reaction rates were based on the structure of the better known mirror nuclei [9, 3] because no, or only very limited experimental data are available about the level structure in the particular compound nuclei.
However, many of the input parameters like resonance energies, single-particle amplitudes, proton and p widths carry substantial uncertainties. Neither level shift energies between the mirror states nor proton partial widths could be calculated reliably, because the single-particle amplitudes of many of the resonance states were not known.
In the present work we attempt to improve the situation by calculating the level structure and the level parameters of the compound nuclei for crucial proton capture reactions along the proposed rp process path [3] using the results of large-basis shell-model calculations. Similar calculations for the reaction rates involving individual proton-rich nuclei have been carried out before [10 -13] but this is the first systematic approach to describe all proton capture reactions in the mass A = 23 -43 range where statistical Hauser-Feshbach rates might be misleading.
In the following sections we will discuss the shell-model calculations and the resulting resonant and nonresonant reaction rates. We will compare these rates with the previous estimates. We will finally implement the present rates into the reaction network to investigate their inhuence on the reaction Bow only. To determine a reliable reaction rate for a wide temperature range, both the resonant as well as the nonresonant reaction components have to be determined. For each resonance the contribution to the rate depends on the particular resonance energy E"and the resonance strength up and is expressed as a function of temperature Tg (in 10 K) by [14] ( - 11 The reduced mass A is given by A"Az /(A"+ Az ) where A" is the projectile mass and Az is the target mass. The resonance strength~p depends on the spin J~of the target, the spin J of the resonance state, the partial width r" for the entrance channel, the partial width r~f or the exit channel, and the total width rq~q,
The p widths are calculated &om the electromagnetic reduced transition probabilities B(J;~Jy, l ) which carry the nuclear structure information of the resonance states and the final bound states [16] . The reduced transition rates were r"= c's x r. " (3) where the single-particle widths r,~were calculated from the scattering phase shifts in a Woods-Saxon potential [11, 12] (6) where Z denotes the proton number of the target nucleus.
The total S factors S(Eg) = ) cr, C S,Eg exp(2mrI),
are calculated for all E1 transitions to bound states in the final nuclei; g denotes the Sommerfeld parameter.
The single-particle cross sections o; have been derived in terms of a nuclear potential model [9) However, fast depletion processes -either via (p, p) or P decay -of the T = 3/2 nuclei 2sA1, 2~P, s~C1, ssK, and V, will influence the equilibrium abundance of the T = 1 waiting point isotopes. They might be destroyed considerably faster via sequential two-proton capture, A("~),, A("~), , or/and proton capture followed by P decay, A("~),, Ap, &, then by the typically slow P decay. Using the notation of Van Wormer et al. [3] 
. ( This reaction is subsequent to 22Mg(p, p)2sA1 which has been discussed elsewhere [10] . We Fig. 5 , also shown is the comparison with the previous rate [9] . The ratio indicates a considerable increase of up to 3 orders of magnitude in the temperature range of hot hydrogen burning. This has significant consequences for the nucleosynthesis in this mass range. shown in the lower part of the figure. The deviation at lower temperatures is mainly explained by the shift of the resonance energy, an additional increase of the resonance strength yields from the large single-particle spectroscopic factors which result from the shell-model calculations.
As this present rate depends sensitively on the excitation energy of the 3/2i state an experimental verification is highly desirable.
F. P(p, p) S (Q=2.400 MeV)
As shown in Table II Because there is no other resonance in the low energy range up to 1 MeV proton energy the direct reaction mechanism is dominating. This is in agreement with previous conclusion about the reaction mechanism [3] , the present direct capture cross section (see Table VIII ), however, is considerably higher than suggested before, mainly because of the large spectroscopic factors for the ground. state and the erst excited state in S obtained in the present calculation (see Table I ). Figure 5 shows the contributions to the reaction rate as well as the comparison with the previous estimate. to the ground state and the first excited state (see Table   I ). The direct capture parameters are listed in Table X .
The present reaction rate is 1 order of magnitude higher than previously assumed based on the large calculated ground state spectroscopic factor C S=1. 9 Therefore it is very dificult to calculate since the dimension in a full sd and fp shell-model space is very high.
However, the spectroscopic factor and the transition to this state should be relatively small for this configuration and it was therefore neglected. Because of the large spectroscopic factor of the ground state in Cl the direct capture component is considerably stronger than estimated before (see Table XII ). The direct capture dominates the reaction rate at lower temperatures, the comparison with the previous estimate shown in Fig. 7 therefore indicates an increase of the rate in low temperature regimes and a decrease for higher temperature conditions.
The shell-model calculations predict essentially only one resonance, which corresponds to the 2z state in S. This is in agreement with the observed level structure in the mirror nucleus S. The new resonance strength, listed in Table XII , is 1 order of magnitude smaller than the previously assumed one, mainly because the shellThere are two low-lying states in V, the 5/2i and the 3/2i, which correspond to the first two excited states in the mirror nucleus Ca [26] (see Table II ). The Coulomb shifts are very small. They were calculated by using a charge-dependent interaction for the fp shell [20] . The resonance strength, listed in Table XIII , is clearly smaller for the 5/2i resonance at 270 keV than previously thought [3] . This is mainly due to the small Ca [26] suggests also a high level density in Cr above the proton threshold at S"=2. 59
MeV. For this reaction we therefore adopted the HauserFeshbach rate calculated with sMQKER [8] .
IV. REACTION [3] . For these calculations the reaction network presented in [3] has been used with the reaction rates discussed above. The results are compared with the results obtained in the previous calculations [3] .
The reaction flow and abundances computed for At Ts --0.25 the considerably larger 2sSi(p, p) P rate causes a change in the reaction flow and in the isotopic abundances in the mass A = 26 -28 range. Figure 9 shows the reaction path in this mass range. The strong reaction flow via Si(p, p)~P (P+v) Si causes a faster depletion of the "waiting point" isotope Si as indicated by the previous calculations which were based on the previously estimated 2sSi(p, p)2rP rate [9] . This is reflected in the time-dependent isotopic abundances shown in Fig. 10 The left-hand side shows the change of the abundances based on the previously estimated rates (MN) and the right-hand side shows the time dependence of the abundances based on the rates presented here (SM). It can be seen clearly that with the present rate Si is depleted much faster and converted via Si to S than in previous calculations. 
